
UNCLASSIFIED

AD NUMBER

AD443674

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Jun 1964.
Other requests shall be referred to U.S.
Army Biological Laboratories, Frederick,
MD 21701.

AUTHORITY

BDRL D/A ltr, 27 Sep 1971

THIS PAGE IS UNCLASSIFIED



U N C lIa S S) F R ED

AD 4 43 14

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA, VIRGINIA

UNCLASS]9 FIED



NUIM When government or other drawix.,, spect-
fications or other data are used for any purpose
other than in connection with a definitely related
government procuirement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation vhatooever; and the fact -that the Govern-
ment may have formlated) furnihed, or in anyJ way
supplied the said drawings, spec ifi.cations, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any

3the p rson o cpertin. or conveying any rightfi
or permission to manufacture, use or se:U any
patented invention that may in any way be related
thereto.

I'



jrTECHNICAL MANUSCRIPT i142

I~~j~' DEFINED MEDIUM FOR. MAINTAINING
CHICK FIBROBLAST MONOLAYERS

hIJ JUNE 1964

D D

DDG-IRA

UNITED STATES ARMY
...I B IO0LOG ICAL. LABORATOR IES

FORT DETRICK



If. S, ARMY '91OTOGICAT. LA11ORATORT Ei
Fort. rntrick, Fredeick, 'Maryland

TECHNICAL MANUSCRIPT 142

DEFINED MEDIUM FOR MAINTAINI.NG CHICK FIBROBLAST MONOLAYERS

Eugene Zehovitz

Virlia and R ikukttlL Di)visa 101

DIRECTOR OF BIO0LOCULCAl, I'1SEARCHi

i'rojocLt IAoJ 2501BO2801 Wile 1964

4x



The Information in this document has not been
cleared for release to the public.

DDC AVAILABILITY NOTICE

Qualified requestors may obtain copies of this
document f roma DDC.

Foreign announcement and dissemination of this
document by DD is limited.

7vA



3

ABW1?RACT

A defined maintenance medium that stippor~t Laronolayers of chick
fibroblast. (CF) cells in a viable st~ate and permits the formation of
plaqttes by VJenezuelan (VER) and eastern (EEE) equine encephalitis virluses
is described, The requirements for the Individual constituents of a
defined medium for- maintaining CF monolayer viability and for plaque
formation were determined by systematically omitting one component at a
time from an otherwise complete maedium. In the absence of amino acids,
the mono layers died. His tidine -monohydroc lo ride comb .ied with L-cys t .
or L- cysteine were found to be the only amino acids necessar-y to maintain
viable nionolayers and permit plaque formation by VEE and EEL, viruses. Any
other amino acids, alone or In combination, failed to maintain the CF cell
CUit.Alres. Glucose, the sole carbohydrate source, and sodiuml chloride were
also necessary for cell survival.

4W ................................................



I IN'TPRDU0.10N

The composition of a medium capable of Supportingb viablo monolayors of
chick fibroblast (CY) cells and of permitting the iorination of plaques by
Venezuelan (VEE) and eastern (RE) equine encephalitis viruses has receitly
been investigated. The investigations were conducted by systematically
omitting one component at a time from an otherwise complete, defined
medium.* Ristidine monohydrochloride combined with L-cystine or L-cysteine
were found to be the only amino acids necessary to maintain viable.
monolayers and permit plaque formation by VEE and EEE. Glucose, a
carbohydrate source, and sodium chloride were also necessary in 11he mediumn
to maintain the CF culturea. The inorganic salts KCl, 1'gCl2 , and CaC12
were not necessary for cell survival, but the additilon of these salts
improved the vital. staining properties of the cells,

On the basis of these investigations the medium presented in Table I
was derived. In this medium, normal cells remained viable for as long as
ten days, and plaque counts with VEE or EEE virus equaled those obtained
in a more complex medium consisting of lactalbumin bydrolyzate,. yeast
extract, and Hanks' balanced salt solution.

uLxFl 1.* COMPOSITION O' MINTMAL DEFINED
MA'INTENANCE MEDIUM

Mate0ria I4. A .Mligrams Per Liter

Sodltom ch lo-: i do 7400
L-Cyatine 75
1,-Tbiattdine.11CI 60
('Iluco 8e 1.000
14o1I1P0 4  100
CaC .2 265

2g .. 275
9C j /.100
S odiumel i ca rho oat .1100

* 11'iglc , 1S. ; Pri.b1b1co, 11.(, Jr. ; Ander son i. E- u id Ga3,y, N.O.

''A cliuia 'lly defii .ed mnediumn for growLh of anion,1 colls to sitspewr-too,''
Pro,- !o'w. Expt. B401. MWd. 1.12: 310-3441, 1963.
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I1. MATERIALS AND METHODS

To prepare monolayers, 20 to 30 million cOils from minced, typsi zed,
ten-day chick cmbryos were added to 60.-mm Petri plates. Confluent cell
sheets were obtained within 24 hours in a growth medium consisting of 0.5
per cent lactalbumin hydrolyzate, 0.1 per cent yeast extract, Hanks'

balanced salt solution, and 10 per cent calf serum. The monolayers were
washed twice with phosphate-buffered saline (PBS), pH 7.4, and then infected
with appropriate dilutions of VEE or EEE virus prepared in beef heart infusion
broth (BHIB), unless otherwise stated. All media to be tested were prepared
as overlays in 1.i per cent agar. Plates were incubated at 370C in an
atmosphere of 5 per cent: C02 and 95 per cent air for two days. The
monolayers were then stained with 1:10,000 neutral red in 1.1 per cent
agar to determine cell viability and to detect plaques.

III. RESULTS

The medium described by Nagle and co-workers for growing suspension cell
cultures was modified by increasing the sodium bicarbonate concentration and
by including seven additional amino acids, The complete medium, presented
in Table I1, includes a total of 19 amino acids, glutamine, a glucose-salts
mixcure, sudiuwk bicarbonate, a vltnmin mixture, antibiotics, and dye. This
complete medium, when used in an agar overlay for CF monolayers infected

with VEE or BEE virus, maintained the cells in a viable condition and
permitted maximum plaque formation. The requirement for the different
constituents of this medium for cell viability and plaque formation was
systematically examined by omitting one component at a time from an otherwise
complete growth medium.

Deletion of all the amino acids from the complete medium caused the
death of uninfected cell monolayers within 48 hours and no plaques were
detectable in cultures that had been infected with VEE or EEE virus. If
all the amino acids were retained i.n the medium, the monolayers remained
viable and supported plaque formation by VEE and EEE viruses.

The individual amino acid requirements for monosyer maintenance and
p laque formation are shown in Table 1.1.1 Various agar overlay media were
prepared by omitting single amino acids from the compl ete medium. 'The
r ,sults show that the CF monotayer died only in. the absence of cystcli.-
or cyatine. None of the other aiono ricids was necessary for plaque
formation or maintenance of cell viability. Cyqtina, being more sLable in
stock solution than cysteine, was selected to be uied routiuely in all
subsequent media described in this report.

7i
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TABLE II. NAGLE'S CHEUTCALLY DEFINED MEDIUM MODIFIED FOR AGAR OVERLAY

Milligrams Clucose--salts milligrams
Amino Acids per Liter mixture perLie

L-arginine.I ~ .00 NaC 1 7400
L-cysteine*HCl 75 KCI 400
L-histidine11C1 60 NaIJ2PO4.H20) 100
L-isoleucine 150 CaCl2.2H20 265
L-leucine 300 MgC12 275
L-lysine-I 300 Glucone 1000
1-methionine 60 Sodium pyrtivate 110
L-phenylalaninie 120
L-threonine 135 Vitaminps
1-tryptophane 60
L-tyrosine 120 D-biotin 1.0
L-valine 150 Choline Cl 1.0
L-.alanine* 120 Niacinamide 1.0
L-aspartic acid* 270 Ca pantothenate 2.0
L-cystine* 75 Pyridoxine-IICi 1.0
L-glutamic acid* 315 Thiamine'HGT 1.0
Glycie* 60 1-1nositol 1.0
L-proline* 11.5 Riboflavin 0.1
L.-serine* 150 B12 0.002

Folic Acid 1,0
L-glutamine 450

Antibiotics, etc,

Bicarbonate buffer Streptomycin 100
Yhenol red 10

NalIC0 3* 140(0 Agar i,0(0
P enic.Il11n 100,000 units/liter

*Mdfiain or additions to Nag le a- mec 1i.



TABLE 111. EFFECT OF OMISSIONS OF INDTVIDUAL AMINO ACIDS
FROM DEFINED MEDIUM UPON PLAQUE FORMATI7ON

Essential Amino Monolayer VEE EEE
Acic Omitted Viability Plaques Plaques

L-cysteine*RCl
L-cyatine
L-arginine-HCl + ++
L-histidine.RCl + +
L-isoleucinc + + +
L-1.e uc ine + + +
L-lysine + ++
L-methionine + + +
I.-phenylalanine + + +
L-threonine + + +
L-tryptophane + ++
L-tyrosine + ++
L-valine + + +
1L-glutamine + + +
Olycine + + +
L-alanine + + +
L-serine + + +
L-aspartic + + +
L-glutamic, + + +
L-proline + + +
Complete + + +

a. + Monolayers viable or plaques present.
- Monolayers dead or no plaques counted.

The requirement of CF monolayers for other individual components oii the
mediaum was also determined. With cystine as thle only amino acid present,
the other components were deleted one at a time to determine the effect:
en cell viability an-l plaque formation. "'he results are Ghown in Tahleo iV,
In the absence of sodium chloride or gilmeoe the monolayers dtied, Omission1
of the vitamin mixture, salts, and sodium pyruvato had no adverse effect
upon t~he monolayer viabi lity or the plaque zount. However, in the absonnc
of potassium chloride, magnesium chloride, or calcium chloride, it appeared
that the monolayers stained poorly with neutral red and observation of
plaques was mace diffiCo It,

______ -77? "rr
T--- ______________R
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TARLE IV. THE REQUIREMENTS OF CHICK FIBROBLAST MONOLAYERS
FOR THE INDIVIDUAL COMPONENTS OF T14E DEFINED MEDIUM

MediumS./  Monolayer VEE EEE
Viability Plaques Plaques

Complete +b/ + +
Complete less NaCl
Complete less glucose - -

Complete less vitamins 4- + +
Complete less KCI + + +
Complete less NaH2 PO4  + + +
Complete less sodiria

pyruvate + + +
Complete less MgCI2  + + +
Complete less CaCI2  + + +

a. Cystine was the sole amino acid added to all media.
b. + Monolayers viatble or plaques present.

- Monolayers dead or no plaques observed,

The type of diluent uaed in preparing the virus dilutions had a profound
effect upon the ability of a cystine basal medium (glucose, sodium chloride,

a 1t_5 ,nl 'ure. and cystine) to maintain the viability of CF cell.
monolayers. When virus dilutions were prepared In isiiiB cn tv i -r .y -

the cystine basal medium, the mono]ayers remained viable and supported
plaque formation by either VEE or EEE virus. However, when virus dilutions
were made in gel saline or PBS the cell monolayers died. Moreover, if
cystlIne was omit ted from the basal medium and dilutions of v.riis that were
used as locn la were prepared in BUlIB, the monolayers died, These dati
(idicated that the BI1IB used for virus dilut ton in these studies was
deficienit in cyst: ine and cysteine and that additional nutrients present
in BRI.B were necessary for monolayor survival.

If di.i itions of virus were prepared in gel saline for use as inockula,
cell monolayers survived and plaques formed provided that cystino ond
one of severa] other amino acids wcre present. These results are shown
in Table V.



't'ABLE V. AMINO AI REQUIREMENTS FOR CHICK FIBROBLAST CELL MOOLAMERS

WHEN VIRUS INOCIULA WERE PREPARED IN~ GEL SAUiNE

Amino Acid Additions to Numbor of Pia9qes Per Plate

Cyst trio Basal1 Mediurn VEE EE

None-/
L-histidine-11CL 62 139
L-methionine 26 55
L.-threonine iS4.5
L- tryptophane i
L- argifninc
L.-Cysteinet
I . is0 coeio. Iine
L-Ilaucine

I-phenlylaianitne
L- tyros ii
L-valine
Contra lb 51 123

a. Monolayer dead,
1). Control medium consis ted of 0.5% lactaibumin hydra lyzate

0.1% gelatin
0.1% yeast: exctract

lianksj' bnlanced gal t Fio ition

If cyst n wLI8 the onity amino ae id present, the CF monolayve died, as
q tatvd 0(1beore. 1iowev r , when hist id [ne wos add ed t~o the cyst toe baisal

sod im the monoinyers remained viable imct stuwport..f p. iflque formaotion, Uh e
1) iOa ute UorIn L onl the h is I [die-cys: no 0c uiu oqun 1 oc th t of the controlI
med i umn. Me tlhtoni no nd Iii roonin I n n COMb [nat 11 1,11111 C yRIIf S scipp)rtIo
viau ohI o no Iayerq ut, l the numiber (if VEE or EE PI ~ qu es p rodtice d wa s rud rceLd.
Thesotiv clto demons Iratio that t 'wo amino ac ls, eys tinc and isLtite, rr
CtSeu'It 1 for 11nI~"l n ling vi ohh U, e ol ( ml n'ii 1001ers.

Th'le comlposivionl of 0hV defined maoorenolco Metiurn blin henl sbove inl Table
I . C:ystil( ;t1oo no ii. t;i.1 no I: 01e P e heon.y am noC noI~ id nid . SodI-im F Cid
Phospl to ol thouli~ T ilotesqary for 100001 nyer 111IIlnan~co, wits added0

to enhwvoc the 1w F feehr ugopael[t-y Of thh in mod LM, MangiioLShl fur1 oh louttl
clii0 1ll chl1or de , i'!i 'oe Isl m 08 1 111 Ior id, were otiIdeli iole ~liso tile .1 V re800ell

1 ipiovIe conitrast. ;Id 1(1:01, p 1:1(1100 is con1<1 feeSU to (10tf0 I



P laqitte fnriaat-ian by VEY, and EEE vi rosers wan not: adversely affee t-ed liv
this medium. Tablon V]. presnt: s t-he plci I111 cotni as othtiI.i ne onl tile. deined
mitt~ance modtium and costpalros h with tHiisi' obtain.1od with1 ;I complex)
miii'd ti n c t atrhinl 0,I I-scr ont 1a .11tiiiii tiIu1y t0, 0, 1 por c ont

go latin, 0,1 per cent yeast extract, aind Rianks' balanced slt:so lution
The values shown here are Hie average plaquet COunTt-'s of three or four
replicate plates. The data show some variaiion, bu~t the aver.age ratio
of counts on complex medium to those on defined maintenance medium
approximnted 1 .0, indi.cating that plaque count~s on hot--h media were equiv-
a lent .

TABLE VI.. COMPARISON OF PLAQUE COUNTS OF VEE AND EEE- VIRUSES ON
CHICK EMBRYO CELL MONOL-AYER OVYERLAYED WITH LACTALBUMIN
HYIDROLYZATE MEDIUM AND WITH1 MINIMAL MAINTENANCE MEDIUM

Run LatabmnVEE EE
Lac~nhuin Minimal RatioQl/ Lactalbumin Minimal Rat I.H.'

lydrolyzatn Hydrolyzate

132 25 0).78 36 33 0.92
2 110) 134 1.21 102 89 0,87
3 105 73 0,71 36 43 :11 1
4 NTI N T - 124 ill 0.89

57 I'l20 133 53175 1. 14
I (tI ("I . '11 1/41 117 ()- 07

7569 0,9)2 102 87 0. 78
B 127 108 0.85 2118 203 0.93

A vv; ag o 1,08 0.96

a. ~ P Rato rl.1(ue conun t on inimaloI! tofed ma i tenonce medium
a. ato laque'count on e me dittm

1). Not t:veqtcd.
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IV. SU-MMARY

A defined medium for the maintenance of CF cell monolayers was described.
The components of the medium, essential with respect to cell viability and
plaque formation, consisted only of cystine, histidine, glucose, and sodium
chloride. This medium maintained CF monolayers in a viable state and
permitted the formation of plaques by VEE and EEE viruses. The number of virus
plaques formed when this medium was used in the agar overlay equaled that

formed with a richer, more complex medium. This maintenance medium was

developed as a tool to determine the nutritional factors that influence viral

plaque formation. Various modifications of this medium are now being
tested to determine their effect upon cell viability, and plaque count of
VEE and EEE viruses.


